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The Tahoe-Pyramid Bikeway in its entirety, is a 116-mile bike trail that begins at 
Tahoe City and ends at Pyramid Lake. Currently, there are two separate segments of the 
Tahoe-Pyramid Bikeway that is undeveloped due to various constraints. The Tahoe-
Pyramid Bikeway Project has been underway for the past 11 years, and is anticipated to be 
fully completed in 2018. The design and construction of the bike path is spearheaded by a 
group of volunteers and is paid for by generous financial benefactors from the community. 
In work described under this report, the Tahoe-Pyramid Bikeway Extension Project 
encompasses the design and construction of one of the undeveloped segments. The 
undeveloped segment being considered in this Extension Project begins at Boca, California 
and extends to Floriston, California. It is approximately 1,200 feet in length. This segment 
of the bike path has yet to be completed due to rough terrain and complicated property 
rights. The design team requested, and had been granted, a hand in the project.  
Clearly stating the design objectives, geotechnical testing of the site was conducted 
using soil samples collected. This data was then analyzed and used in order to establish a 
vertical and horizontal alignment, as well as any stabilizing structures, for the stretch of 
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The Tahoe-Pyramid Bikeway is a non-profit, volunteer organization that was formed 
to construct a bike path following the Truckee River from Lake Tahoe to Pyramid Lake. 
Realizing the lack of bike routes from Reno to Verdi, Janet Phillips, the organization’s 
current president, introduced a trail concept to the public in November 2003. The trail 
concept was later extended to reach Tahoe City. After gaining public support and funding 
from private sponsors and donors, the first link in the project from Mogul to Verdi was 
completed in May 2005.  
The entire 116-mile bike trail is illustrated in Figure 1, which shows the completed 
rideable sections of the bikeway highlighted in green and future sections highlighted in red. 
This design project focuses on the stretch from Boca to Floriston, specifically near Iceland, 
California. The bikeway had yet to be developed in this area due to challenges presented 
in the physical features of the alignment and permitting issues among different entities. In 
addition, this stretch includes a steep, rocky slope that extends from the edge of the 
highway, Interstate 80, to the Truckee River, connecting to the rideable portion of the trail. 
Completion of the entire path is expected in 2018. 
 
Figure 1: Tahoe-Pyramid Bikeway Map (Source: Tahoe-Pyramid Bikeway) 
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2.0 Project Objectives and Overview 
This report outlines the progress completed by the team after picking up where design 
engineers of the organization left off. As seen in Figure 2, a major area of this bike path 
extension occurred along a pile retaining wall owned by the California Department of 
Transportation (Caltrans). Initially, the bike path was to extend across the wall, following 
a route adjacent to Interstate 80. This was a mitigation that would minimize the planning 
and specialty design required to cross the steep slopes within the land area available to 
develop within.  
 
Figure 2: steep slope extending 20 feet downwards of Interstate 80 before dropping 
another 100 feet into the Truckee River 
However, the serviceability of the bikeway and the safety of bicyclists was in 
question due to the design’s close proximity to high-speed vehicles traveling eastbound on 
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Interstate 80. Alternatively, it was suggested the path be move away from the freeway at a 
lower slope, requiring much more construction than initially planned.  
This project is comprised of two main objectives: 
 Objective 1: Perform geotechnical testing and analysis for soil samples obtained 
from stations between Boca and Floriston. Results will be used to determine the 
required earthwork, soil stabilization, and erosion control measures. 
 Objective 2: Design a bikeway connecting westbound at Boca and connecting 
eastbound at Floriston. After establishing a bikeway alignment within the existing 
right-of-way, design the bikeway surface and soil stabilizing structures as needed 
for areas identified in Objective 1. 
For Objective 1, the design team performed several geotechnical tests on soil 
samples obtained from the site. After the testing was complete, the team analyzed the 
results and other data to determine soil slopes and the soil stability of the areas of the 
proposed bikeway alignment. From the analyses of the geotechnical data, the required 
earthwork, soil stabilization structures, and/or erosion control measures were determined.  
Using results from Objective 1, completion of Objective 2 established an alignment 
for the bikeway. A proposed alignment that closely follows the barrier rail of Interstate 80 
had already been provided by the Tahoe-Pyramid Bikeway organization. This alignment 
was used as a preliminary design and was altered in accordance to the geotechnical findings 
in Objective 1 as well as environmental constraints, constructability considerations, and (to 
a lesser degree), permitting challenges. Additionally, the alignment was altered as the client 
preferred to move the path further from the highway to decrease noise disturbance along 
the bike path.  
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Property rights have been a critical design constraint for this project. Private 
property owners in this area have objected to construction of the bikeway on their land. 
Therefore, construction must remain in the Caltrans right-of-way. All final designs require 
engineering approval and permits from Caltrans. After the segment from Boca to Floriston 
has been completed and opened for public use, ownership and maintenance of the segment 
will be transferred to Caltrans and/or Truckee Donner Recreation & Park District 
The Tahoe-Pyramid Bikeway has been categorized through the United States Forest 
Service’s (USFS) National Trail Management Class System as Trail Class Three. The 
extension project has considered this ranking throughout the planning and construction of 
this section. The path will be distinct and continuous, vegetation will be cleared from the 
path to limit obstacles, cross slope will be implemented for proper drainage, and the 
environment will be primarily unmodified.  
Major components of this project are planning, concept development, technical 
analysis, technical design, project management, and collaboration and communication with 
mentors and client.  
3.0 Getechnical Analysis 
Completion of Object 1 began in December 2016, with the first task of obtaining 
roughly 90 pounds of soil from two different stations at the site. A minor challenge was 
finding an ideal time to conduct a field visit, as the weather ranged from heavy rain to light 
snow. The first priority was to ensure the safety of the team members going out in the field, 
given the vicinity of the site being situated along Interstate 80. Driver visibility in heavy 




3.1 Soil Collection and Field Analysis 
Following the soil sample collection, team members returned to the site a few 
weeks later to perform the Dynamic Cone Penetration (DCP) test and ReMi under the 
direction of the team’s geotechnical mentor. The DCP test was conducted at three locations 
near the Caltrans retaining wall (Figure 3). A blow count for every 10 centimeters of the 
rod was recorded to determine the density of the soil. A sample field log of the DCP test 
can be found in Appendix A.  
 
Figure 3: DCP driving pole being inserted into the ground to determine soil 
density 
A ReMi test was performed that same day. This test involved staking 32 sensors 
into the ground parallel to the Caltrans retaining wall to determine the content of the soil 
beneath surface level. In addition, because of the steep slopes and narrow offset of available 
surface, ReMi data was also collected on the side slopes, approximately 50 feet offset 
towards the Truckee River. Both of these results were then combined to determine the 





3.2 Geotechnical Lab Testing 
Field tasks were completed prior to laboratory work on the soil samples primarily 
because weather was permissible for such field work. Team members then began 
conducting laboratory testing beginning with moisture content determination. The moisture 
content test was performed to the specifications in ASTM D2216, which compares initial 
and final weights of a soil sample. The percentage change calculations were then used to 
determine soil moisture content. 
Following the moisture content determination test a wash test method, as described 
under ASTM D1140, was performed on soil samples. This test involved soaking the soil 
in a solution of sodium hexametaphosphate, which is a dispersing agent used to break apart 
the fine material from soil clumps or rocks and pebbles. Separating particles within the 
sample is crucial for soil classification through means of sieve analysis in accordance to 
ASTM D422. The washed soil samples were sieved through stack containing No. 4, 10, 
20, 40, 60, 100, 200 sieves and a pan. Results of this test allow for the determination of 
grain size distribution within each sample so that data analysis can take into account soil 
content, such as loose sand or dense clay. 
The next task completed in the laboratory testing was the Atterberg Limits, which 
consists of the Plastic Limit, and Liquid Limit. This test follows ASTM D4318. The Plastic 
Limit determination involved moisturizing the soil sample to a consistency that allowed 
approximately 50 blows in a percussion cup. This sample was then rolled into a 3.2 mm 
diameter roll, which was then oven dried to determine the moisture content, as seen in 
Figure 4. For the Liquid Limit test continued to achieve blow counts on the percussion cup 
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within 3 overlapping ranges. The difference between the two blow counts were then used 
to determine the Plasticity Index.  
 
Figure 4: dry soil samples taken from field (left) and rolled soil samples before 
testing (right)  
The last test performed on the soil samples was the direct shear stress test per 
ASTM D3080, as seen in Figure 5. This test was performed by taking a 3 point analysis 
for each soil samples representing their respective station. Under this test, soil samples 
were reconditioned to their infield moisture content, consolidated, and then sheared with a 
horizontal force. For each soil sample, this was repeated 3 times with a loading increment 
of ⅛, ¼, and 1 lb. Results from the direct shear stress test were used to determine the 




Figure 5: soil sample after undergoing a direct shear test 
3.3 Stability Analysis 
Along with the field work and laboratory results, a preliminary stabilization 
structure was used for stability analysis.  Retaining wall cross-section drawings provided 
by the team’s professional adviser were manually imported into Slide, a comprehensive 
slope stability modeling program. Since a fill wall is proposed to be used as means to cross 
the steep section near the Caltrans retaining wall, any effects to the Caltrans retaining wall’s 
factor of safety needs to be analyzed and presented to Caltrans for approval. In addition, 
options of the types of lateral support and face support (wall face) used for this fill wall 
were identified, but will require input from the project owner before being permanently 
implemented. Screenshots from the Slide study on one of the three section analyzed can be 





4.0 Preliminary Retaining Wall Design 
A number of design alternatives were considered to extend the bike path across 
the steep terrain following Interstate 80, some of which are still being considered. For the 
purpose of this project, a preliminary design on a cut-and-fill, held back by a mechanically 
stabilized earth (MSE) wall was executed. The extent of a full design was out of range of 
abilities available by team members. However, with the guidance of the organization's 
primary geotechnical engineer, the design methodology was comprehended and additional 
alternatives or suggestions have been provided by the team. The design of the MSE wall 
was conducted under standards set by the U.S. Department of Transportation Federal 
Highway Administration.  
 An MSE wall was chosen as they are typical the most economical and 
conservative design option. MSE walls are also preferred for their easy installment as the 
face of the wall does not need to be accessed during construction, they do not require deep 
footings, and reinforcement is installed as the wall is being backfilled.  
 The current Caltrans wall was constructed as a pile wall without a footing, 
stabilized by anchors extending 20 feet into backfill under the Interstate 80. Located 
approximately 9 feet away from the face of the existing wall and 20 feet below travel lanes 
on I-80, an MSE wall is planned to be installed to create a level surface upon which bikers 




Figure 6: proposed MSE wall cross section 
The wall face will extend 7.5 feet above surface soil with 4 feet of embedment. 
Length of geogrid reinforcement was taken as 80% of the total wall height. Traffic 
surcharges were neglected because the MSE wall is set back far enough and most 
surcharges are taken by the Caltrans wall. Dead loads were taken as the components of the 
structure, including reinforcement and the reinforced soil. Horizontal live loads include 
cyclists, snow (50 psf for Nevada County), and a 32-kip (32,000-pound) excavator that will 
be active only during bike path construction. As the possibility of all three live loads 
occurring simultaneously was determined to be very low, the excavator was taken as the 
control live load. 
Horizontal earth loads are the driving forces when considering bearing eccentricity 
and bearing capacity of the MSE wall. Active earth pressures were factored according to 
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soil unit weight, volume of fill, and (for earthquake considerations) active earthquake 
pressure according to fault zones within the area. 
To evaluate internal stability, the MSE wall was analyzed with level backfill and a 
distributed live load surcharge equivalent to 1.3 feet of additional soil distributed over the 
reinforced fill. As horizontal stress is a function of the depth below the top of the reinforced 
soil zone, stresses in the wall increased with depth of the wall and soil fill. Vertical spacing 
between sheet reinforcements was kept at a constant 1.5 feet. Factored tensile forces in the 
reinforcement were then analyzed to assess potential failure by elongation of reinforcement 
or failure by pull out. 
5.0 Alignment Design 
The alignment design was based on a number of factors which included the 
consideration of Caltrans right-of-way (ROW), private land ownership, the Union Pacific 
Railroad ROW and the ease of transition from the existing trail to the proposed MSE wall 
location.  
Landowners in the area were not supportive of the idea of a bike path running 
through their property. Running east to west, the Union Pacific Railroad crossed the 
Truckee River, running along Caltrans ROW. For safety reasons, the bike path will have 
to remain a minimum of 200 feet away from the railroad.  
 With the rough terrain in this section and considering all the factors that limits the 
options of connecting the trail from west to east, the location of the MSE wall was critical 
in the alignment design. As the MSE wall is located at the highest elevation of the trail at 
this section, a smooth transition grade was considered from the existing trail to the MSE 
wall. The design was based on a 10% maximum grade, but to be safe the actual design 
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grade was less than 7%. The alignment done by the team for this project is referred to in 
Appendix C.   
6.0 Project Management 
A large component of the final design course was developing project management 
skills, as project management is a large component within engineering design. This section 
of the report has been included to demonstrate the development of such skills.  
The project team consists of five qualified student engineers and three expert 
mentors. Each of the personnel identified for this project had been assigned leadership or 
supportive roles for the tasks mentioned in the previous section. In addition, guidelines for 
deliverables and communication are established in succeeding sections. 
6.1 Team Mentors 
 One faculty advisor and two professional mentors had been selected as outside 
resources for this design project. Dr. Nathan Morian, Ph.D., P.E., is a part of the faculty 
and research staff at the University of Nevada, Reno. He is a licensed professional engineer 
in California and Nevada, and has comprehensive knowledge and experience in materials 
and construction methods in various projects. Mrs. Kaci Thomas, P.E., is a licensed 
professional engineer in California and Nevada and is a consulting engineer at CH2M. She 
has extensive experience in leading and designing various transportation projects, and is 
an active officer of the American Society of Civil Engineers, Truckee Meadows Branch. 
Lastly, Dr. Jonathan Pease, Ph.D., P.E., is an Associate Geotechnical Engineer with Marvin 





6.2 Team Roles 
The design team functions have been divided into three interlocking groups: 
 Team Lead - Otto Tang 
 Design Leads - Maka Pateta, Janae Johnston 
 Engineering Analysis Leads - Kylie Tokunaga, Stacy Yokoyama 
Team roles were then separated by sub-tasks under project management, Objective 1, and 
Objective 2 as shown in Tables 1 through 3. 
Table 1: Project Management Responsibilities
 
Table 2: Objective 1 Team Member Roles
 






7.0 Cost Analysis 
The estimated budget for the bike path consist mainly of the construction and 
permitting fees. The majority of the design work that is done for the bike path is on a 
volunteer basis. The geotechnical analysis and design for the project is done voluntarily by 
a number of consulting engineers. The estimated budget for the construction of the bike 
path is shown in Table 4. The budget was carefully compiled by research and quotes that 
were received from local businesses, including Trailscape and Komatsu.  
Table 4: estimated project cost accounting for materials and equipment rental
 
 The cost estimate in this report is a rough estimate based on a number of 






The Tahoe-Pyramid Bikeway is expected to not only promote health and wellness 
within the community by providing recreational transportation, but it will also connect 
residents and property owners within a 500-mile radius. Working with professional 
engineers from the Tahoe-Pyramid Bikeway team, faculty advisors associated with the 
University of Nevada, Reno, and other engineering firms were essential to obtain well-
guided advice and engage in learning opportunities beyond the typical classroom 
environment and incorporate real world engineering experience. This project fully 
encompasses the range of interests and desired skill development opportunities of the 
members of this team. 
The assignment of general roles to individual team members allowed for a tighter task 
schedule through involvement. By utilizing resources, efficient time management, and 
clear communication, the team has completed the project on schedule. With a team of well-
qualified individuals on track to earn their Bachelor of Science degrees in civil engineering, 
each team member with a different emphasis, the team is proud to have produced a high-
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C1 - Alignment Plan
C2 - Alignment Plan



























































Image courtesy of the Nevada State Mapping Advisory Committee © 2017 Microsoft Corporation 
8
+
0
0
9
+
0
0
1
0
+
0
0
1
1
+
0
0
1
2
+
0
0
1
3
+
0
0
0
+
5
0
Sheet:
C2
SMOKJ
Engineering
T
a
h
o
e
 
P
y
r
a
m
i
d
 
B
i
k
e
w
a
y
TRAIL ALIGNMENT PLAN
5
5
0
0
5
5
1
0
1
5
+
0
0
1
6
+
0
0
17
+0
0
1
8
+
0
0
1
9
+
0
0
2
0
+
0
0
2
1
+
0
0
2
2
+
0
0
2
3
+
0
0
6
+
5
0
7
+
5
0
8
+
5
0
9
+
5
0
1
0
+
5
0
1
1
+
5
0
Sheet:
C3
SMOKJ
Engineering
T
a
h
o
e
 
P
y
r
a
m
i
d
 
B
i
k
e
w
a
y
TRAIL ALIGNMENT PLAN
